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This is a report of a collaborative study of the histopathologic and electro-
myographic studies of muscles of patients with certain cutaneous diseases in
whom myopathy was a feature. The patients studied had dermatomyositis,
scieroderma of various types, lupus erythematosus of the systemic type, sciere-
dema and periarteritis nodosa. The investigating group consisted of a physiolo-
gist interested in the electromyographic features of muscle disease, a pathologist
who examined microscopically the specimens of muscle removed by biopsy, as
well as at necropsy, and a dermatologist who endeavored to classify the various
entities by such morphologic manifestations and laboratory aids as were per-
tinent. Similar studies have been undertaken among patients who have muscle
disease without skin lesions, such as myasthenia gravis, muscular dystrophies,
multiple sclerosis and so forth, but they will not be included in this report.
The histopathologic study of muscles in relation to various dermatoses has
been going on in the department of dermatology for the past 25 years, and was
undertaken because little information was available in the literature on the re-
lationship of muscles and skin diseases. This study was started by taking speci-
mens of muscle and skin for biospy. It was soon recognized that obtaining an
adequate speciment of muscle for biopsy is not a simple procedure, and that it
may require hospitalization of the more seriously ill patients. Also, it was learned
that in certain of these diseases, especially dermatomyositis, microscopic ex-
amination of a muscle was not always the means of recognizing that the patient
had muscle disease. In some patients only small groups of muscles were involved,
so it was possible to biopsy a muscle that was not diseased and accordingly come
to an erroneous conclusion. Also, in patients with dermatomyositis, experience
indicated that the muscles for biopsy should be taken from the same muscle
group, such as the shoulder girdle group, because these muscles are involved
early in the course of the disease in practically all patients, whereas the gastroc-
nemius, for example, may never be involved in patients who have the localized
form. Accordingly, pursuing the same technic in obtaining the specimen from
the same muscle is helpful to a comparative pathologic study of these conditions.
Specimens of skin for biopsies also were taken in most of these patients, and in
some it was possible to obtain muscle and overlying skiii at the same time for
microscopic study; however, in others it was necessary to do a biopsy of the
skin separately, because the skin overlying the specimen of muscle was not in-
volved.
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Madden (1), in 1950, reported on the comparison of biopsies of muscle and examinations
of bone marrow in cases of dermatomyositis and lupus erythematosus; he noted pathologic
changes in the muscles of the patients with dermatomyositis which he considered to be
various degrees of nodular myositis. In 6 of the 21 patients who had lupus erythematosus,
nodular myositis also was noted. Madden emphasized the point that muscular changes
were noted only in patients with lupus erythematosus who had rheumatic fever, arthralgias,
rheumatic pains or arthritis. The degenerative muscle changes were found in most of the
patients with dermatomyositis and in 6 of 19 patients with lupus erythematosus. In our
experience, pains in the joints, arthralgias and a suggestive history of rheumatic fever are
so common among patients with dermatomyositis and lupus erythematosus that we accept
discomfort in the joints of one type or another as a part of both syndromes rather than as
a complication.
A classic case of dermatomyositis or of generalized scieroderma is not difficult
to recognize; however, when a patient having one of these conditions is seen at
the outset of the disease the differential diagnosis may be difficult or impossible.
Likewise, a differential diagnosis is not always possible on the basis of clinical
evidence alone in those patients who display evidence of both cutaneous and
muscular diseases. In children, dermatomyositis may be ushered in with a cu-
taneous picture which presents the clinical features of lupus erythematosus of
the systemic type, while involvement of the muscles is minimal and easily over-
looked. Therefore, we sought information in regard to the degree and extent of
the muscular involvement in these conditions. Other difficulties in differentiat-
ing certain diseases in which both muscle and skin are involved have been en-
countered; these indicate, however, the need for a procedure by which the pres-
ence of the pathologic condition of muscles and the degree of their involvement
can be determined readily and by which primary diseases of muscle and those
of neurogenic Origin can be distinguished.
THE ELECTROMYOGRAM
Accordingly, electromyography was added to our diagnostic procedures.
This is a method of recording the electric activity of muscle to determine the
presence, nature and location of lesions of the lower motor neuron and muscle
fibers. The technic of electromyography consists of inserting a needle electrode
into the muscle to record the electric activity of the muscle. The electric activity
of the muscle, after amplification, is observed on a cathode-ray oscilloscope and
heard over a loud-speaker. In the normal muscle at rest no electric activity is
detected, while during voluntary contraction the action potentials of motor
units appear (fig. 1).
Iii the presence of neuromuscular disease abnormal potentials and abnormal
patterns of activity are found. Of particular interest in this report are the con-
trastirig patterns observed in disorders of the nerves and primary disorders of
muscles. Briefly, when disease of a nerve produces muscle weakness and atrophy,
action potentials of fibrillation are detected in the resting muscle, while the action
potentials of the motor unit during maximal voluntary effort are reduced in
number or are absent. When the lesion affects the peripheral nerve, the remain-
ing action potentials of the motor unit generally are of normal size and form al-
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though in certain chronic lesions of the nerves, as is the case particularly in dis-
eases of the spinal cord which affect the anterior horn cells, the size of the action
potentials in the motor unit may be increased. In contrast, in primary disorders
of muscles the muscle fibers are affected so that the number of fibers in each motor
unit which are able to respond to each nerve impulse is reduced. This results in
a decrease in the size of the action potential of the motor unit, while the number
of motor units which must be active to produce a given strength of contraction
is greater than normal.
With these and other criteria of abnormality, electromyography has been
found useful not only in determining the presence of organic disease as a cause
of muscle weakness, but also in distinguishing primary diseases of muscle fibers
from those which are secondary to disease of the lower motor neuron.
Electromyographic studies were made of 45 patients with dermatomyositis,
2 with generalized scleroderma, 3 with sclerodermatomyositis, 17 with acro-
sclerosis, 13 with systemic lupus erythematosus, 13 with periarteritis nodosa
and 3 with scieredema. In addition, the cases of 35 patients who had polymyositis
without signs of cutaneous disease were recently reported by Eaton (2).
The electromyograms of patients with classic dermatomyositis are abnormal
(3, 4) and essentially the same as those of patients having polymyositis without
cutaneous lesions (5, 6). We shall consider them in relation to the three follow-
ing headings: (1) the electric activity produced by insertion of the needle, (2)











FIG. 1. Electric activity in normal muscle, on the left; in myositic muscle, on the right.
An upward deflection indicates negativity of the needle electrode.
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voluntary contraction. In normal muscle, insertion of the needle produces a
brief burst of electric activity, but the resting muscle is then electrically silent.
Voluntary contraction of the muscle produces activity of motor units whose ac-
tion potentials, although variable, have a generally characteristic appearau ce.
THE ELECTROMVOGEAM IN POLYMYOSITIS
Electric activity produced by insertion of needle. In polymyositis, insertion of the needle
often produced a prolonged burst of electric activity indicating an abnormal irritability
of tbe muscle fibers. In some instances this activity was reminiscent of similar activity
seen in the muscles of patients with myotonia. In addition, activity like that evoked in
denervated muscle was often observed.
Electric activity of the resting muscle. In the resting muscle some degree of electric activity
persisted in 80 per cent of our cases of polymyositis. In most instances this was indis-
tinguishable from the action potentials of fibrillation in denervated muscle. The occurrence
of this activity in myopathies has been denied by some investigators who have considered
fibrillation pathognomonic of a lesion of the lower motor neuron. This raises the question
as to the part neuritis may play in the pathologic process of polymyositis. Histologic
examination of nerves has not satisfactorily confirmed the latter possibility (7, 8). Like-
wise, sensory disturbances are rare and slowing of conduction velocity and abnormal
excitability of peripheral nerves, such as occur in chronic polyneuropathies, have not been
observed in dermatomyositis or in polymyositis without cutaneous lesions. Therefore,
evidence of involvement of the larger peripheral nerves is lacking. Further studies will be
required to determine whether the electric activity of the resting muscle in myositis may
be the result of involvement of the smaller intramuscular nerves. However, correlation of
electromyographic findings and microscopic examination of excised muscle in patients
with polymyositis suggests that the abnormal electric activity in the resting muscle is
related to active degeneration and regeneration of muscle fibers rather than to the presence
of inflammation or other changes.
Electric activity during voluntary contraction. The electric activity which appeared
during voluntary contraction was consistently abnormal in the weakened muscles of
patients having polymyositis and dermatomyositis. Weakness was associated primarily
with a denreasJiffi..sige rather than in,the number of action potentials of the motor unit.
The proportion of spikes of r sic otentials of low amplitude was
increased in involved muscles in comparison with normal muscle. hese changes in the
actioa potentials of the motor unit were similar to those that occur in other primary diseases
of muscle (9, 10). It has been suggested by Kugelbcrg (10) and others that these changes
are attributable to a reduction in size of the motor unit by degeneration of some of its
fibers. Buchthal and Pinelli (5), on the other hand, expressed the opinion that the changes
in polymyositis may result from an increase in propagation velocity of the impulse over
the muscle fiber combined with a reduction in the functional length of the fiber.
SUMMAHY OF ELEeTROMYOGRAPHIG STUDIES
The electromyogram in dermatomyositis (polymyositis) is not pathognomonic
of the disease, as a similar combination of abnormalities has been observed in
other myopathies in which active degeneratiou of muscle fibers without inflam-
mation was observed on histopathologic examination. However, the electromyo-
gram does demonstrate the presence of a pathologic condition of muscle and will
identify the neuromuscular disease as primarily a myopathy. The complete pic-
ture of fibrillation potentials in the resting muscle and disintegration of the ac-
tion potentials of the motor unit is at least suggestive of pathologic changes in
the muscle similar to those seen in the active stage of polymyositis.
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The electromyograms for patients with scIeroderma and acrosclerosis were not
so consistently abnormal as those for patients with dermatomyositis. The electro-
myogram of 1 patient with diffuse or generalized scieroderma showed definite
abnormalities like those associated with myositis. The electromyograms of the
3 patients who had a diagnosis of scierodermatomyositis based on clinical evi-
dence of involvement of muscle also showed abnormalities similar to those of
patients with myositis.
The electromyograms of 4 of 17 patients with acroscierosis, that is, scieroderma
with pronounced Raynaud 's phenomenon, showed definite abnormalities. Again,
the abnormalities were like those associated with myositis. Each of the 4 patients
had been given a clinical diagnosis of acroscierosis with polymyositis. The electro-
myograms of 5 of the remaining patients showed equivocal abnormalities, while
those of 8 did not show any abnormality.
Definite abnormaIty of the electric activity of muscle was found in only 2 of
9 patients in whom a diagnosis of systemic lupus erythematosus was confirmed
by positive results of a clot test for lupus erythematosus. The electric activity
was like that associated with myositis and, clinically, 1 patient presented some
features of dermatomyositis. Of the remaining 8 patients, 3 had electromyograms
which showed equivocal evidence of abnormalities and 5 had electromyograms
which did not show any abnormality. Of 4 patients who had chronic disseminated
lupus erythematosus, not of the systemic type, 2 had abnormal electromyograms
with the features already described. Both the definite and the equivocal abnor-
malities in lupus erythematosus usually occurred in scattered regions of muscle
in contrast to the more diffuse changes most often associated with dermatomyo-
sitis.
In periarteritis nodosa, the electromyogram of affected muscles was, for the
most part, like that associated with neuritis. Action potentials of fibrillation
occurred in the resting muscle and in contrast to the changes associated with
polymyositis, the action potentials of the motor unit observed during voluntary
contraction were reduced primarily in number rather than in size. Eleven of 13
patients with periarteritis nodosa showed definite electromyographic abnormali-
ties of this type in one or more muscles, associated in most instances with clinical
evidence of neuritis (mononeuritis multiplex). In 6 of the 11 patients the action
potentials of the motor unit were normal in size and form, although reduced in
number, while in 5 patients the size of the action potentials was on the lower
border of normal; 2 patients had some increase in proportion of polyphasic
potentials.
The electromyograms of 3 patients with scieredema did not show any abnor-
mality.
Far greater experience with the electromyographic examination of these der-
matologic conditions, including coirelation with the histopathologic findings in
the portions examined, will be required before a detailed account of the signifi-
cance of the various electromyographic abnormalities can be given. The electro-
myogram, however, has been of value in detecting pathologic changes in muscle
associated with cutaneous diseases. Correlation of these findings with the clinical
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IIISTOPATHOLOGIC STUDIES OF MUSCLE
The pathologic findings in the muscles of patients \vith dermatomyositis and
polymyositis are similar and cannot, at the time of this study, be separated on
histologic grounds alone. The findings are variable from one case to another, and
even in the same case at different stages of the disease. In a recent study of 58
cases, with a clinical diagnosis of dermatomyositis in 26 and of polymyositis in
32, the pathologic findings could be classified into five groups. In the first group,
FIG. 2a. Areas of granular and Zenker's degeneration and regeneration of fibers, with-
out perivaseular inflammation (hematoxylin and eosin; X185). b. Jntrafaseieular inflam-
mation with fibers undergoing Zenker's degeneration (hematoxylin and eosin; X145).
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Fin. 3a. Intrafascicular perivascular inflammation with atrophy of muscle fibers. This
is the type of reaction most frequently seen in dermatomvositis (hematoxylin and eosin;
X215). 6. Chronic inflammation with dense fibrosis between individual muscle fibers
(hematoxylin and eosin; >< 165).
the muscle fibers were in various stages of active Zenker's and granular degenera-
tion, and a few regenerating fibers were intermixed. Sometimes many fibers
were affected; sometimes only a few abnormal fibers were seen even though serial
sections were examined. Interstitial inflammation was absent (fig. 2a). In the
second group, similar degeneration and regeneration of muscle fibers were pres-
ent, but in addition there was an inflammatory reaction, usually interstitial, con-
sisting of accumulations of lymphocytes, plasma cells and large mononuclear
cells. These cells frequently were coalesced around small intrafascicular blood
vessels (fig. 2b). A third group represented the frequently described picture of
the muscle findings associated with dermatomyositis and consisted of extensive
perivascular inflammation, usually around large interfascicular arterioles. The
amount of change in the muscle fibers was frequently small (fig. 3a). The fourth
group was marked by diffuse interstitial fibrosis with atrophy of the muscle
fibers and relatively little inflammation which was both interfascicular and
intrafascicular (fig. 3b). The fifth group was characterized by a diffuse granular
degeneration of the muscle fibers, usually at musculotendinous junctions or at
the border of fascicles, usually associated with an occasional collection of mono-
cytes around larger intrafascicular arteries (fig. 4).
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FIG. 4. Chronic inflammation, interfascicular and perivascular, with granular de-
generation of muscle fibers with centrally placed nuclei (hematoxylin and eosin; X175).
In the 3 cases of seleroderma the muscles studied showed oniy minimal de-
generation and regeneration of fibers with a slight increase in perivascular cells
in all 3. T he findings in cases of acrosclerosis without polymyositis were negative,
while in the cases with polymyositis, the changes were similar to those mention-
ed in the previous paragraph.
In 4 of 7 cases of lupus erythematosus of the systemic type, the muscles showed
perivascular collections of lymphocytes fairly frequently. These varied from a
small ring of lymphocytes to large masses of lymphocytes, occasionally associated
with rare eosinophils. The muscle appeared edematous, but in only 2 cases were
there actual lesions consisting of Zenker's type of degeneration.
The muscle changes in patients having periarteritis nodosa appeared to be
definitely related to the vascular changes. Evidence of independent degeneration
or regeneration was not seen, but rather a diffuse atrophy of muscle fibers related
to the vascular changes. Early in the disease the atrophic fibers sometimes showed
an increase in sarcolemmal nuclei and later they sometimes were associated with
interstitial fibrosis.
THE CUTANEOUS HI5TOPATHOLOGIC FEATURES
As the eruption in dermatomyositis varies from erythema and edema to
atrophy, the cutaneous histopathologic picture varies accordingly. The cutaneous
histologic features are usually those of nonspecific chronic dermatitis. Less fre-
quently atrophy occurs, and occasionally the collagen bundles may be thickened
and the blood vessels may show some fibrosis in their walls suggestive of selero-
derma. It was not possible to correlate pathologic findings of the skin and muscle
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and there was no evidence to support the idea that the only muscles involved
were those lying beneath the cutaneous lesions. In none of the diseases we studied
was it possible to determine the status of the muscle from the cutaneous patho-
logic picture.
SUMMARY AND CONCLUSIONS
The microscopic examination of muscles and electromyography indicate that
the involvement of muscles is a variable manifestation of dermatomyositis,
scieroderma, systemic lupus erythematosus and periarteritis nodosa. We were
unable to demonstrate evidence of diseased muscles among patients with sciere-
dema. In order of frequency the degree of muscle disease was greatest in dermato-
myositis, approximately a third of the patients with generalized scieroderma
displayed involvement of the muscles, while it was noted to a lesser extent among
patients with acroscierosis. Involvement of the muscles was readily demonstrated
among those patients who had a clinical diagnosis of scierodermatomyositis.
The musculature of 2 of 9 patients having systemic lupus erythematosus was
involved. In most patients with periarteritis nodosa, evidence of electromyo-
graphic abnormalities was demonstrated in one or more muscles, and the reac-
ion was similar to that noted among patients having neuritis.
The pathologic picture and the electromyogram are similar in dermatomyositis
and polymyositis. In other words, neither procedure produces a pathognomonic
picture for dermatomyositis. The microscopic appearance of the muscles varies
according to the phase and degree of the disease, while the myogram also varies
according to the degree of muscle degeneration.
The electromyograms of patients having scieroderma were not consistently
abnormal, and abnormalities, when present, were similar to those of myositis.
The pathologic picture of muscles among patients with scleroderma who came
to necropsy showed occasional minimal degeneration and regeneration of fibers
and a slight increase of perivascular cells.
In systemic lupus erythematosus the electric activity was similar to that in
myositis, and in 2 of 4 patients with chronic disseminated lupus erythematosus
without clinical or laboratory evidence of systemic involvement, the electro-
myograms were abnormal. Similarly, the pathologic studies of the muscles showed
fairly frequent perivascular collections of lymphocytes, but in only a few cases
was actual degeneration of muscles noted.
In periarteritis nodosa the pathologic examination showed atrophy of muscle
related to the vascular changes, while the electromyograms showed changes
similar to the changes associated with neuritis.
By means of electromyography the physician can distinguish between patients
with primary myopathy and those with secondary disease of motor neurons;
however, the electric activity of the muscles in patients with dermatomyositis,
scieroderma and lupus erythematosus is similar and resembles the changes noted
in myositis without cutaneous disease. The changes in periarteritis nodosa are
similar to those in neuritis according to electromyography, and secondary to
the vascular lesion according to the pathologic findings.
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